Vietnam, Laos, Thailand, Malaysia, Indonesia, China and Japan, as well as modern samples from East/Southeast Asia and the Pacific. All comparative data are from males for the odontometric analysis and from a sex-combined sample for the nonmetric trait comparisons.
Crown measurements and observations of non-metric traits were undertaken for teeth on the right side, or antimere substitutions, where necessary. Odontometric data and the presence of nonmetric traits recorded for the Man Bac individuals are given in Appendix 5.1 and 5.2 (this chapter), combining all four season's datasets.
Recording System of Quantitative and Qualitative Dental Morphology
Quantitative dental morphological data was represented by tooth crown diameters, which were recorded as maximum diameters according to the Fujita (1949) system. Measurements of the permanent dentition were only undertaken for sex-identified individuals. Due to difficulties in estimating the sex of subadults, crown diameters of deciduous teeth were recorded for all available specimens regardless of sex.
Qualitative dental morphology was recorded for 21 nonmetric dental traits of the permanent dentition, which were scored using protocols and criteria given in Matsumura (1995, see also Table 5 .2). All traits were scored for both sexes on the basis of presence/absence to facilitate statistical comparisons, although males and females were combined given the low to minimal sexual dimorphism expected for these traits (Turner et al., 1991) .
Statistical Procedures
Dental metric comparisons were made using mesiodistal and buccolingual crown diameters. In the first step, both the metric and nonmetric data recorded for the Man Bac specimens were compared with those of present-day Vietnamese. In univariate comparisons, Student's t-test and chi-square tests were employed to assess any significant differences in tooth dimensions and the frequency of the presence of nonmetric traits, respectively. In order to compare the magnitude of intra-group odontometric variation, coefficients of variation (CV = SD / M X 100: SD = standard deviation, M = mean value) were calculated for each measurement.
The next step included multivariate comparative analyses between Man Bac and other samples using male permanent tooth data. Similarities in odontometric proportions were estimated by Q-mode correlation coefficients based on odontometric data sets. Following this, measurement data were standardised using grand mean values of all comparative samples and standard deviations of the modern Vietnamese sample.
Population affinities, based on odontometric proportions, were estimated by calculating Q-mode correlation coefficients on the basis of full sets of 28 crown diameters. To aid in the interpretation of the matrix of inter-population phonetic distances, the Neighbour Joining method of Saitou and Nei (1987) was applied to the distance matrix (1-r) transformed from Q-mode correlation coefficients (r), using the software package "Splits Tree Version 4.0" provided by Huson and Bryant (2006) . ' Patte, 1965; Duy, 1967; Bui, 1991; Thuy, 1990 Kanaseki et al , 1960; Nakahashi, 1989; Hudson, 1990 Matsumura and 1994 Table 5 2 Criteria for scoring presence of the 21 non-metric dental traits In the odontometric analyses, mean values obtained from small sample sizes were utilised for statistical procedures, but for the nonmetric trait comparisons small sample sizes skew the frequency data. Statistically, population comparisons using frequency data require larger sample sizes in each sub-sample than the odontometric comparisons. For this reason some population samples with small sample size were combined or excluded from the non-metric comparisons, as summarised in Table 5 .1. C.A.B. Smith's distances (Berry and Berry, 1967) , often referred to as "mean measure of divergence" values, were calculated to evaluate population affinities based on the presence/absence frequencies of the 21 nonmetric traits. Finally, the Neighbour Joining analysis was applied to the Smith's distance matrix in order to provide a summarised pattern of population affinities in the non-metric trait battery.
RESULTS

Quantitative Data Comparisons
Summary Man Bac and modern Vietnamese permanent and deciduous odontometric statistics are presented in Tables 5.3 and 5.4. Buccolingual diameters of deciduous teeth were not measured for the modern Vietnamese specimens as the material used was plaster casts taken from living residents in which the maximum diameter point at the crown was covered by gingiva. Significant differences were found only in a few measurements for the deciduous teeth between the Man Bac and modern Vietnamese. The former sample possesses larger anterior teeth as compared to modern Vietnamese.
In comparing the permanent dentition, only four male crown diameters are statistically significantly different to those of the modern Vietnamese sample, in each case the Man Bac diameter is smaller. Regarding females, only a single statistically significant difference was found between Man Bac and modern Vietnamese crown diameters, in this case Man Bac UM1 BL diameters are larger.
When comparing the coefficients of variation (CV) between the Man Bac and modern Vietnamese series, no specific pattern of variability in either the permanent or deciduous dentition was observed. Table 5 .5 gives the distance matrix (1-r) transformed from the Q-mode correlation coefficients (r). Figure 5 .1 displays the results of the Neighbour Joining analysis applied to the distance matrix of Table 5 .5. The Man Bac sample is quite close to present-day populations from Laos, Thailand and Malaysia. The modern samples from Myanmar, Vietnam and the Metal Period Dong Son Vietnamese, as well as the contemporaneous series Khok Phanom Di from Thailand and the Neolithic southern Chinese from Weidun and Songze, are clustered in a second degree of proximity to Man Bac. In contrast, mid-Holocene samples, such as Con Co Ngua (representative of Da But communities) and late Pleistocene/early Holocene Bac Son and Hoabinhian series are grouped in the other major cluster, consisting of AustraloMelanesians, Andaman Islanders, and early Malay and Flores samples (including Gua Cha). Two late samples from Jomon (Japan) and one from neolithic An Son (southern Vietnam) are located intermediately within this schema. Table 5 .5, using 28 crown diameters of the male permanent dentition. Table 5 .7, using frequency data of 21 nonmetric dental traits in the permanent dentition (sexes combined). Table 5 .6 provides the frequency of the 21 non-metric dental traits recorded for the Man Bac and present-day Vietnamese assemblages. Statistically significant differences were detected in four of the 21 traits. The Man Bac sample shows higher occurrences of UI1 dental tubercle and LM1 seventh cusp, with lower frequencies of UI1 shoveling and UP1 De Terra's tubercle, as compared with modern Vietnamese.
Qualitative Data Comparisons
Smith's distances computed using the 21 trait frequencies are presented in Table  5 .7. An un-rooted tree of the Neighbour Joining analysis applied to the Smith's distance matrix is depicted in Figure 5 .2. The samples compared are clearly divided into two major clusters. The first consists of early and modern East Asian samples and a sub-cluster of modern mainland and island Southeast Asians. The Metal Period Dong Son branches off from this assemblage. The other major cluster encompasses the remaining Hoabinhian-Neolithic Malay, Australian Aborigines, Melanesians and Andaman Islanders. The early Vietnamese series, consisting of the Bac Son and Da But (Con Co Ngua) series, also branch off from this assemblage. Man Bac, as well as the Jomon series, are positioned intermediately between the two major clusters.
DISCUSSION AND CONCLUSIONS
The 'Two Layer' model, or 'Immigration' hypothesis, supported by a wide array of archaeological, historical linguistic and genetic studies, is important for our understanding of the complexities of the population history of Southeast Asia. The prehistoric expansion of language families, specifically the Austronesian and Austroasiatic, can be correlated with the Neolithic dispersal of food producing populations (Renfrew, 1987 (Renfrew, , 1989 (Renfrew, , 1992 Bellwood, 1991 Bellwood, , 1993 Bellwood, , 1997 Hudson, 1994 Hudson, , 1999 Hudson, , 2003 Higham 1998 Higham , 2001 Hill, 2001; Bellwood and Renfrew, 2003; Diamond and Bellwood, 2003) . In regards to the contributions of studies of human skeletal remains, there have been long term debates on this issue (for review see also Oxenham and Tayles, 2006) . In contrast to the traditional "Two Layer" model, some recent cranial and dental studies (eg. Turner 1989 , Hanihara, 1993 , Pietrusewsky 1992 propose that the evolution of many present-day Southeast Asians was by local adaptation, and not by significant admixture with new food producing communities expanding from a source somewhere in mainland East Asia. In terms of craniodental morphology a difficulty arises in distinguishing between in situ local modernisation and gene flow mediated change (so-called "Mongoloidisation" by Bulbeck, 1982) . Although regional population groupings such as those sometimes termed "Mongoloid" and "AustraloMelanesian" cannot be seen as modernisation in the sense of monophyletic groups, such a conundrum nevertheless remains central to the interpretation of the data analysed, including the Man Bac series. A dental morphological approach may help shed light on the debate given the generally accepted better heritability of dental traits in comparison to cranial morphology.
Previous dental analyses (Matsumura et al. 2001 ) demonstrated a large morphological gap between later Dong Son and early Holocene samples represented by Bac Son and Da But (Con Co Ngua) people. It was argued that the discontinuity Table 5 5 Distance (1-r' transformed from q-mode correlation coefficients, on the bases of 28 crown diameters of the male permanent dentition O: observed numbers of dentitions, A: affected numbers of dentitions, Freq: frequency (%' significance level at 5%, and ⅡⅡ: 1% by chi-square test
Man Bac Vietnamese
between early and later Holocene populations was due to considerable levels of gene flow into what is now northern Vietnam from migrants moving in from the northern or eastern peripheral areas. Subsequent studies, using the early Hoabinhian Hang Cho specimen, and Man Bac remains excavated from 1999-2005, reconfirmed the large morphological discontinuity between these two sequences (Matsumura et al., 2008a and 2008b) . The Hang Cho specimen was posited as representing an ancestral population of subsequent early to mid Holocene people, whereas the majority of the Man Bac assemblage (1999-2005 series) , as well as the later Dong Son and modern Vietnamese, were thought to have closer genetic ties with immigrants from the northern peripheral area of what is now Vietnam and southern China.
In order to develop a more comprehensive interpretation of Man Bac population affinities this study has utilised a wide range of dental data and employed a geographically large and temporally deep comparative data set. This analysis has demonstrated that: (1) Man Bac odontometric variance is greater than that of modern Vietnamese; (2) in terms of odontometric proportions, the Man Bac sample has a closer affinity with modern Vietnamese than the earlier late Pleistocene/early to mid Holocene series (e.g. Con Co Ngua (Da But), Bac Son and Hoabinhian), who are in turn phenotypically akin to Australo-Melanesian populations; (3) with respect to non-metric dental traits, the Man Bac series is situated midway between earlier groups (e.g. Bac Son and Con Co Ngua (Da But) and modern Vietnamese. Inconsistencies in the results exhibited by the metric and non-metric data might 
SUMMARY
This chapter provides quantitative (metric) and qualitative (non-metric) dental data recorded for the Man Bac series. It presents results of analyses using batteries of tooth traits useful for assessing biological affinities. Multivariate comparisons using odontometric data sets revealed the closer affinity of the Man Bac people to later Metal Age Dong Son and present-day Southeast Asians than to earlier populations such as the Con Co Ngua (Da But) and Bac Son/Hoabinhian series, who are in turn phenotypically more akin to Australo-Melanesian populations. Although the analysis of the non-metric trait battery suggests that Man Bac people still partially preserved genetic features of earlier indigenous populations, this study concludes that the population structure of Man Bac was affected by major gene flow that can likely be sourced to new immigrants from peripheral northern or eastern areas of East Asia, including southern China.
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